Within hours after identified neurones have been isolated from the CNS of the leech, they begin to sprout and to form synapses. Electrical recordings made by loose-patch clamp show that the tip of the isolated neurone has distinct properties with a high density of sodium channels. Neurites grow out from this tip after about 30 min and continue to grow for the next few days. The extent of growth, the branching pattern and the distribution of calcium channels all depend critically upon the molecular composition of the substrate. 
INTRODUCTION
During development and regeneration a neurone can extend processes over long distances. Once at the destination the axon branches extensively to form synaptic terminals or specialized endings on the appropriate target cells. In this review we describe recent experiments made in our laboratory to analyse growth and synapse formation with particular emphasis on cellular mechanisms and the way in which ion channels are distributed in different regions of the neuronal surface.
Suitable preparations for investigating these problems are provided by neurones, isolated from the CNS of the leech, growing on defined substrates in defined medium in tissue culture (Nicholls, 1987) . With such cells it becomes possible (1) to measure the properties and distribution of Na+, K+ and Ca2l channels in different regions such as the soma, the initial segment, the axons and the newly grown processes, (2) to determine whether specific regions on the cell surface represent preferred areas for new outgrowth and synapse formation, (3) to establish what part is played by the molecular composition of the substrate in determining ion channel distribution and growth, and (4) Nicholls, 1987) . Since then, comparable studies have been made on isolated neurones of other invertebrates including Aplysia, snails and Drosophila (see Wu, Suzuki & Poo, 1983; Schacher, Rayport & Ambron, 1985; Haydon, McCobb & Kater, 1987; Lin & Levitan, 1987 (Stewart, Nicholls & Adams, 1989 . C, after having blocked potassium currents with 120 mM-TEA and 5 mM-4-aminopyridine and calcium currents with 2 mM-manganese a rapidly inactivating inward sodium current remained. Although such records provide evidence about the characteristics of ion channels in the cell, they fail to reveal inhomogeniety of distribution in different regions of the Retzius cell (after Stewart et al. 1989 ; reproduced with permission).
Although micropatch electrodes with tight seals can be used to record from single channels it is hard to make quantitative estimates of their distribution in this way. Instead Bookman, Reuter, Nicholls & Adams (1987) and Garcia, Grumbacher-Reinert & Nicholls (1989) have used the 'loose-patch' clamp technique. A fine-polished pipette with a diameter of approximately 10 gm is brought close to the membrane forming a seal of about 5 MQ (hence the term 'loose patch'). A discrete patch of membrane underneath is bathed by the solution in the tip of the pipette. The potential of the patch is controlled by current passing though the pipette at the same time as membrane currents are recorded (see Almers, Stanfield & Stiihmer, 1983) .
Examples of Na+ currents observed by loose patch after blocking K+ currents are shown in Fig. 3 . The largest Na+ current is consistently recorded from the tip of the cell's axon 20 min after its removal. This presumably represents too short a time for drastic translocation of channels to have occurred. After several days the concentration at the tip remains highest but Na+ currents are also recorded at the soma. At whatever site the cut is made upon removal (along the stump, the major axon or the secondary axon) that place has the highest density of Na+ channels. For K+ channels the distribution is more homogeneous with no obvious concentration at the cut end.
An alternative method for measuring channel distribution is to make use of optical recording methods (Grinvald, Frostig, Lieke & Hildesheim, 1988; Ross, Arechiga & Nicholls, 1987 Together these results show that: (1) the severed tip of a neurone has the highest density of sodium channels. It is from here that the sprouts start to grow; into these new processes sodium channels are presumably incorporated so as to permit impulse conduction; and (2) the molecular composition of the substrate can influence the distribution of ion channels in growing processes. A question that arises is whether the tip of a growing neurone acts as a specialized site for synapse formation. Nicholls, 1987 ).
The following experiments by Liu & Nicholls (1989) show that different types of connections were made when Retzius cells were paired in close apposition in a variety of configurations, with different areas of membrane in contact (Fig. 5) . Of particular interest were the stumps and the tips of secondary axons in which sodium channels are present at highest density and from which growth starts. When two Retzius cells were placed with their stumps touching, chemically mediated transmission became apparent within 2-6 h, becoming progressively stronger over the next 2 days (Liu & Nicholls, 1989) . With this configuration chemical transmission was bidirectional; the reliability of chemical synapse formation was virtually 100% in healthy pairs of Retzius cells plated in this way (Fig. 6) . Electrical transmission developed more slowly and only after a delay. When the stump of one Retzius cell was apposed to the soma of the other the results were in some respects similar -chemically mediated transmission developed rapidly and was followed after a Liu & Nicholls, 1989 ; reproduced with permission).
CON CLUSIONS
The appeal of isolated leech cells is that one can ask direct questions in a way that is impracticable for neurones within the CNS. By using these cells one can ask whether chemical or electrical transmission develops first at a mixed synapse, whether ion channels are concentrated in particular regions of a neurone and whether these regions have special physiological properties. It is tempting to speculate that the growing tip of a neurone contains the membrane channels and specialized machinery for growth and synapse formation. The substrate with which it comes into contact can determine, in addition, the branching pattern, the growth rate and the distribution of calcium channels. The target presumably plays a further role in determining what type of synapses shall be formed. At present we have little or no information about molecular mechanisms involved in these processes. It will be of interest to explore further the synthesis of new ion channels and the way in which they move along the cell and become redistributed so as to facilitate the formation of new connections.
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